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ABSTRACT 
 
 Comprehensive physio-chemical analysis were carried out for 
products of sugar cane in an attempt to find the effect of extraction 
and refining on the quality of sugar, molasses and treacle (black 
honey). 
 The study analysis were conducted on three grades of refined 
sugar, namely silver–sugar, green–sugar and normal–sugar in addition 
to treacle, molasses samples and cane syrup, massecuite at different 
stages of crystallization. 
 The samples were obtained mainly from Kenana Sugar Factory, 
where complete refining is done, specially decolourization. The 
analysis included determination of sucrose, reducing sugars, invert 
sugars, total soluble solids (T.S.S), and sweetness in terms of purity. 
Ash, acidity and protein content. Similarly physical properties were 
measured mainly: viscosity, colour and particle size of sugar crystals. 
 The results obtained revealed that the average percentage of 
sucrose of treacle (black honey) was 29.36%, molasses 32.56%, 
whereas it was 99.90%, 99.81%, 99.76% for silver–sugar, green–sugar 
and normal–sugar respectively. The reducing sugars were 50.26% for 
treacle and 16.88% for molasses and only 0.036%, 0.060% and 
0.189% for silver–sugar, green–sugar and normal–sugar. The moisture 
content was 20.50% for treacle and 21.30% for molasses. However, 
that for refined sugar did not exceed 0.047%. Slight traces of ash were 
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found in sugar samples. While molasses gave 12% ash as yet it was 
poor in nitrogen consequently in protein content.  
 The total soluble solids were found to be 99.98%, 99.97% and 
99.95% in the silver–sugar, green–sugar and normal–sugar 
respectively. while treacle gave 83.24% and molasses 86.98%. T.S.S. 
Sweetness estimated as purity was found in the range 99.81% to 
99.92% for the refined sugar samples and only 37.43% for final 
molasses. Sugar solutions were found to be almost neutral with pH 6.5 
but molasses and treacle were slightly acidic 5.6%. 
 The viscosity was calculated at 30ºC and found to be 3.426 
centistoke for treacle and 5.019 centistoke for molasses. The three 
refined sugar samples silver, green and normal – sugar gave 1.940, 
1.942 and 1.945 centistok respectively. The mean aperture of sugar 
crystals was 0.54mm for silver–sugar, 0.63mm for green–sugar and 
0.68mm for normal–sugar. The colour of the sugar was measured 
colourimetcally and was found to be 41 unt at λ 420nm for silver–
sugar whereas green–sugar and normal–sugar gave 129 and 519 unt. 
respectively. 
 Chromatographic analysis using TLC technique revealed 
consistency with chemical analysis findings for sugar, treacle and 
molasses components of mono–and di–saccharides, namely glucose, 
fructose and sucrose.    
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 ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ
 ﺣﺔﺧﻼﺻﺔ اﻷﻃﺮو
 
أﺟﺮﻱﺖ ﺗﺤﺎﻟﻴﻞ ﻓﻴﺰﻱﺎﺋﻴﺔ وآﻴﻤﻴﺎﺋﻴﺔ ﻋﻠﻲ ﻡﻨﺘﺠﺎت ﻗﺼﺐ اﻟﺴﻜﺮ ﻓﻲ ﻡﺤﺎوﻟѧﺔ ﻟﻤﻌﺮﻓѧﺔ أﺛѧﺮ  
ﺗѧﻢ ﺗﺤﻠﻴѧﻞ ﺛﻼﺛѧﺔ ﻋﻴﻨѧﺎت . اﻹﺱﺘﺨﻼص واﻟﺘﻜﺮﻱﺮ ﻋﻠﻲ ﺟѧﻮدة اﻟﺴѧﻜﺮ واﻟﻌﺴѧﻞ اﻷﺱѧﻮد واﻟﻤѧﻮﻻس 
ﻡﻦ اﻟﺴﻜﺮ اﻟﻤﻜﺮر وهﻲ ﺱﻜﺮ اﻟﻘﺼﺐ اﻟﻔﻀﻲ ، ﺱﻜﺮ اﻟﻘﺼﺐ اﻷﺥﻀﺮ وﺱﻜﺮ اﻟﻘﺼѧﺐ اﻟﻌѧﺎدي 
 .ﺔ إﻟﻲ ﻋﻴﻨﺎت ﻡﻦ اﻟﻌﺼﻴﺮ، اﻟﻤﻮﻻس واﻟﻌﺴﻞ اﻷﺱﻮدﻓﻲ ﻡﺼﻨﻊ ﺱﻜﺮ آﻨﺎﻥﺔ ﺑﺎﻹﺽﺎﻓ
ﺗﻀѧﻤﻨﺖ اﻟﺘﺤﺎﻟﻴѧﻞ ﺗﻘѧﺪﻱﺮ اﻟﺴѧﻜﺮوز ، اﻟﺴѧﻜﺮﻱﺎت اﻟﻤﺨﺘﺰﻟѧﺔ واﻟﻤﺤﻮﻟѧﺔ ، اﻟﻤѧﻮاد اﻟﺼѧﻠﺒﺔ  
وآѧѧﺬﻟﻚ ﻗѧѧﺪرت اﻟﺨѧѧﻮاص . اﻟﺬاﺋﺒѧﺔ اﻟﻜﻠﻴѧﺔ ، درﺟѧѧﺔ اﻟﺤѧѧﻼوة، اﻟﺤﻤﻮﺽѧﺔ واﻟﻤﺤﺘѧﻮي اﻟﻨﺘﺮوﺟﻴﻨѧѧﻲ 
 .اﻟﻄﺒﻴﻌﻴﺔ ﻡﺜﻞ اﻟﻠﻮن ، اﻟﻠﺰوﺟﺔ، ﺣﺠﻢ ﺑﻠﻮرات اﻟﺴﻜﺮ
واﻟﻤѧﻮﻻس % 63.92ﻨﺘﺎﺋﺞ إﻟﻲ أن ﻥﺴﺒﺔ اﻟﺴѧﻜﺮوز ﻓѧﻲ اﻟﻌﺴѧﻞ اﻷﺱѧﻮد ﺑﻠﻐѧﺖ أﺷﺎرت اﻟ  
 ﻟﺴﻜﺮ اﻟﻘﺼѧﺐ اﻟﻔﻀѧﻲ واﻷﺥﻀѧﺮ واﻟﻌѧﺎدي 67.99، % 18.99، % 9.99وﺑﻠﻐﺖ % 65.23
ﻓѧﻲ % 88.61ﻓѧﻲ اﻟﻌﺴѧﻞ اﻷﺱѧﻮد و % 62.05ﻋﻠﻲ اﻟﺘﻮاﻟﻲ وﺑﻠﻐﺖ ﻥﺴﺒﺔ اﻟﺴѧﻜﺮﻱﺎت اﻟﻤﺨﺘﺰﻟѧﺔ 
ﺐ اﻟﻔﻀѧѧѧﻲ واﻷﺥﻀѧѧѧﺮ ﻟﺴѧѧѧﻜﺮ اﻟﻘﺼѧѧѧ% 981.0، % 060.0، % 630.0اﻟﻤѧѧѧﻮﻻس وﺑﻠﻐѧѧѧﺖ 
 .واﻟﻌﺎدي ﻋﻠﻲ اﻟﺘﻮاﻟﻲ
ﺑﻴﻨﻤѧѧﺎ ﻟѧѧﻢ % 3.12وﻓѧѧﻲ اﻟﻤѧѧﻮﻻس % 5.02ﻥﺴѧѧﺒﺔ اﻟﺮﻃﻮﺑѧѧﺔ ﻓѧѧﻲ اﻟﻌﺴѧѧﻞ اﻷﺱѧѧﻮد ﺑﻠﻐѧѧﺖ  
وأﺛѧﺎر ﻓѧﻲ % 21وﺑﻠﻐﺖ ﻥﺴﺒﺔ اﻟﺮﻡﺎد ﻓﻲ اﻟﻤѧﻮﻻس .  ﻓﻲ أﻥﻮاع اﻟﺴﻜﺮﻱﺎت اﻟﺜﻼث740.0ﺗﺘﻌﺪي 
ﻟﻨﺘѧﺮوﺟﻴﻦ ﻋﻴﻨﺎت اﻟﺴѧﻜﺮ اﻟﺜﻼﺛѧﺔ هѧﺬا وﻗѧﺪ ﺗﻼﺣѧﻆ ﻓﻘѧﺮ اﻟﺴѧﻜﺮ واﻟﻤѧﻮﻻس واﻟﻌﺴѧﻞ اﻷﺱѧﻮد ﻡѧﻦ ا 
 . وﺑﺎﻟﺘﺎﻟﻲ ﻓﻲ اﻟﺒﺮوﺗﻴﻦ
ﻟﻌﻴﻨѧﺎت ﺱѧﻜﺮ % 59.99و % 79.99، % 89.99ﺑﻠﻐѧﺖ ﻥﺴѧﺒﺔ اﻟﻤѧﻮاد اﻟﺼѧﻠﺒﺔ اﻟﺬاﺋﺒѧﺔ  
وﻓѧﻲ % 42.38اﻟﻘﺼﺐ اﻟﻔﻀﻲ واﻷﺥﻀﺮ واﻟﻌﺎدي ﻋﻠﻲ اﻟﺘﻮاﻟﻲ ﺑﻴﻨﻤﺎ ﺑﻠﻐﺖ ﻓﻲ اﻟﻌﺴﻞ اﻷﺱﻮد 
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 ﻓѧﻲ 29.99إﻟѧﻲ % 18.99ﻗﺪرت درﺟﺔ اﻟﺤﻼوة ﻋﻠﻲ أﺱﺎس اﻟﻨﻘѧﺎوة ﺑѧﻴﻦ %. 89.68اﻟﻤﻮﻻس 
 . ﻓﻲ اﻟﻤﻮﻻس% 34.73ﻨﺎت اﻟﺴﻜﺮ و ﻋﻴ
ﺑﻴﻨﻤѧѧﺎ ﻱﻤﻴѧѧﻞ ( 5.6 = Hp)إﺗﻀѧѧﺢ ﻡѧѧﻦ اﻟﺪراﺱѧѧﺔ أن ﻡﺤﻠѧѧﻮل اﻟﺴѧѧﻜﺮ ﻡﺘﻌѧѧﺎدل آﻴﻤﻴﺎﺋﻴѧѧًﺎ  
 (.6.5 = Hp)اﻟﻤﻮﻻس واﻟﻌﺴﻞ اﻷﺱﻮد ﻗﻠﻴًﻼ إﻟﻲ اﻟﺤﻤﻮﺽﺔ 
 910.5 ﺱѧﻨﺘﻲ ﺱѧﺘﻮك ﻟﻠﻌﺴѧﻞ اﻷﺱѧﻮد و 624.3 م ﻓﺒﻠﻐѧﺖ  º03ﻗѧﺪرت اﻟﻠﺰوﺟѧﺔ ﻋﻨѧﺪ  
 ﺱѧѧﻨﺘﻲ ﺱѧѧﺘﻮك ﻟﻌﻴﻨѧѧﺎت ﺱѧѧﻜﺮ اﻟﻘﺼѧѧﺐ 549.1 و 249.1 ، 049.1ﺱѧѧﻨﺘﻲ ﺱѧѧﺘﻮك ﻟﻠﻤѧѧﻮﻻس و 
 36.0 ﻡѧﻢ ، 45.0اﻟﻔﻀﻲ واﻷﺥﻀﺮ واﻟﻌﺎدي ﻋﻠﻲ اﻟﺘﻮاﻟﻲ وآﺎن ﻡﺘﻮﺱﻂ ﺣﺠﻢ ﺑﻠﻮرات اﻟﺴѧﻜﺮ 
 ﻡﻢ ﻟﻌﻴﻨﺎت ﺱﻜﺮ اﻟﻘﺼﺐ اﻟﻔﻀﻲ واﻷﺥﻀﺮ واﻟﻌﺎدي ﻋﻠѧﻲ اﻟﺘﺮﺗﻴѧﺐ وﺗﺮاوﺣѧﺖ درﺟѧﺔ 86.0ﻡﻢ 
ﻋﻄﻲ ﺱѧﻜﺮ ﻗѧﺪر ﻟѧﻮن اﻟﺴѧﻜﺮ ﺑﻮاﺱѧﻄﺔ ﺟﻬѧﺎز ﻗﻴѧﺎس اﻟﻠѧﻮن ﻓѧﺄ .  وﺣѧﺪة22 إﻟѧﻲ 61اﻟﺘﻌﻜﻴѧﺮ ﺑѧﻴﻦ 
 ﻥﺎﻥﻮﻡﺘﺮ ﺑﻴﻨﻤﺎ أﻋﻄﻲ ﺱѧﻜﺮ اﻟﻘﺼѧﺐ اﻷﺥﻀѧﺮ 024 وﺣﺪة ﻋﻨﺪ ﻃﻮل ﻡﻮﺟﻲ 14اﻟﻘﺼﺐ اﻟﻔﻀﻲ 
 . وﺣﺪة ﻋﻠﻲ اﻟﺘﻮاﻟﻲ915 وﺣﺪة و 921واﻟﻘﺼﺐ اﻟﻌﺎدي 
ﻋﻨﺪ ﺗﺤﻠﻴﻞ ﻋﻴﻨﺎت اﻟﺴѧﻜﺮ واﻟﻤѧﻮﻻس واﻟﻌﺴѧﻞ اﻷﺱѧﻮد ﺑﻜﺮوﻡﺎﺗﻮﻏﺮاﻓﻴѧﺎ اﻟﻄﺒﻘѧﺔ اﻟﺮﻗﻴﻘѧﺔ  
اﻟﺴѧѧﻜﺮوز واﻟﺴѧﻜﺮﻱﺎت اﻟﻤﺨﺘﺰﻟѧﺔ أﻋﻄѧﺖ ﻥﺘѧﺎﺋﺞ ﻡﺸѧѧﺎﺑﻬﺔ ﻟﻨﺘѧﺎﺋﺞ اﻟﺘﺤﻠﻴѧѧﻞ اﻟﻜﻴﻤﻴѧﺎﺋﻲ ﻓѧﻲ آѧѧﻞ ﻡѧﻦ 
 (.اﻟﺠﻠﻜﻮز واﻟﻔﺮآﺘﻮز)
      
          
 76
LIST OF CONTENTS 
 Page
Dedication.................................................................................................  i 
Acknowledgement ................................................................................... ii 
Abstract .................................................................................................... iii 
Arabic Abstract ....................................................................................... v 
List of Contents ........................................................................................ vii 
List of Tables............................................................................................ x 
List of Figures ........................................................................................... xi 
Chapter One: Introduction ................................................................... 1 
1.1. Sugar producing factories in the Sudan.............................................. 1 
1.2. Composition of sugar cane............................................................... 2 
1.3. The study area..................................................................................... 4 
Chapter Two: Literature Review........................................................... 7 
2.1. General............................................................................................... 7 
2.2. Variation in percentage of invert sugar............................................. 13 
2.3. Composition of sugar cane................................................................ 16 
2.4. The composition of juice.................................................................... 17 
2.5. Composition of final products (sugar) ............................................. 17 
2.6. Composition of treacle (Blackhoney), and Amber (golden syrup) 18 
2.7. By-products........................................................................................ 19 
2.7.1. Molasses.......................................................................................... 19 
2.7.2. Bagasse............................................................................................ 20 
2.7.3. Filter mud......................................................................................... 21 
2.8. Some physical properties.................................................................... 21 
2.8.1. Colour of cane juice and raw sugar................................................. 21 
2.8.2. Particle size..................................................................................... 25 
2.8.3. Viscosity of sugar solution and molasses....................................... 25 
2.9. Quality and quantity of sugar and molasses by T.L.C……………..…… 26 
Chapter Three: Materials and Methods................................................ 28 
3.1 Materials.............................................................................................. 28 
 77
3.1.1. Juices............................................................................................... 28 
3.1.2. Syrup, Massecuite and magma........................................................ 28 
3.1.3 Molasses.......................................................................................... 28 
3.1.4 Raw sugar......................................................................................... 28 
3.1.5 Skip.................................................................................................. 29 
3.1.6 Runoff............................................................................................... 29 
3.1.7 Refined white sugars........................................................................ 29 
3.1.8 Treacle (Black honey) ..................................................................... 29 
3.2 Methods of analysis............................................................................. 29 
3.2.1 Total soluble solids (T.S.S) (Brix) ................................................... 30 
3.2.2 Sucrose percent (Pol%).................................................................... 31 
3.2.3 Reducing sugars................................................................................ 32 
3.2.4 Total sugars as invert........................................................................ 33 
3.2.5 Ash Content...................................................................................... 34 
3.2.5.1 Carbonated Ash............................................................................. 34 
3.2.5.2 Sulphated ash................................................................................. 35 
3.2.5.3. Conductivity ash........................................................................... 36 
3.2.6. Nitrogen content.............................................................................. 37 
3.2.7. Viscosity of sugar solution, molasses and treacle........................... 38 
3.2.8. Particle size...................................................................................... 39 
3.2.9. Determination of pH value.............................................................. 40 
3.2.10. Colour of final product (sugar) .................................................... 40 
3.2.11. Turbidity of sugars....................................................................... 41 
3.2.12. Moisture content............................................................................ 42 
3.2.13. Thin layer chromatography........................................................... 43 
3.2.13.1. Qualitative analysis of sugar by (T.L.C) ................................. 43 
3.2.13.2. Quantitative determination by (T.L.C) ..................................... 43 
CHPTER  FOUR: RESULTS AND DISCUSSIONS .......................... 45 
4.1. Sugar content and purity of cane juice............................................... 45 
4.2. Purity (Sweetness) of boiling house samples..................................... 46 
4.3. Sugar content and purity of raw sugar............................................... 49 
4.4. Sugar content and reducing sugars of referring house........................ 49 
 78
4.5. Sugar content and purity of skip................................ 49 
4.6. Sugar content and purity of skip sugar............................................... 51 
4.7. Sugar content and purity of runoff..................................................... 51 
4.8. Sugar content and purity of molasses................................................ 51 
4.9. Sugar content, purity, colour and turbidity (T.By) of Talo plant…... 53 
4.10. Sugar content and purity (Sweetness) of refined sugar…………… 53 
4.11. Composition and physical properties of different grades of sugar  
          samples......................................................... .................................. 
53 
4.12. Chemical composition and physical properties of silver sugar….. 57 
4.13. Chemical composition and physical properties of final molasses… 59 
4.15. Chemical composition and physical properties of treacle (black  
          honey) .................................. ......................................................... 
60 
4.16. Particle size of skip sugar crystals.................................................... 64 
4.17. Particle size of refined sugar crystals............................................... 64 
CHPTER FIVE: SUMMARY AND CONCLUSION……...……………… 67 
REFERENCES........................................................................................ 69 
APPENDICES ........................................................................................ 74 
 
 79
LIST OF TABLES  
 
Tabl
e 
Title  No
. 
1.  Total soluble solids T.S.S. (Brix) and sucrose content (Pol) 
and reducing sugar (R.S) of cane 
juice................................................. 47 
2.  Brix, Pol, purity, reducing sugar (R.S) and pH. For boiling 
house syrup 
samples.............................................................................. 47 
3.  Sugar content and purity of raw 
sugar............................................ 50 
4.  Brix, Pol, purity, R.S., Ash, colour and pH of refinery house 
samples.......................................................................................
... 50 
5.  Brix, Pol, purity and pH of skip.............................................. 50 
6.  Brix, Pol, purity, R.S., colour and moisture of skip 
sugar............. 52 
7.  Brix, Pol, purity and pH of runoff 
samples.................................... 52 
8.  Brix, Pol, purity and reducing sugar of 
molasses........................... 52 
9.  Brix, Pol, purity, colour, turbidity and ash of 
taloplant.................. 54 
10.  Brix, Sucrose, percent (pol), purity and reducing sugar (R.S) 
for refined sugar.............................................. 
.................................... 54 
11.  Chemical composition and physical properties of different 
grades of sugar 
samples.................................................................. 56 
 80
12.  Chemical composition and physical properties of silver sugar 
sample stored for (12) 
months........................................................ 58 
13.  Chemical composition and physical properties of final 
molasses sample stored for (12) 
months.................................................... 62 
14.  Chemical composition and physical properties of treacle 
(black honey) sample stored for (12) 
months............................................ 63 
15.  Gram sugar for mean aperture (MA) and Coefficient of 
variation (CV) of skip sugar 
samples............................................................ 65 
16.  Gram sugar for mean aperture (MA) and Coefficient of 
variation (CV) of silver, Green and Normal sugar 
samples.......................... 65 
 
 81
LIST OF FIGURES   
 
Fig. Title  No.
1.  Sugar production MT/season at Kenana Sugar 
Factory…………….. 6 
2.  Chemical structure of sucrose 
molecule……………..…………………... 7 
3.  Production of raw 
sugar……………..……..………..……………..………… 10 
4.  The three massecuite system used in raw sugar 
production…..…… 12 
5.  Massecuite flowchart for the production of refined white sugar 14 
6.  Purity (Sweetness) of boiling house 
sample……….……..…………….. 48 
7.  Aperture size of different grades of sugar 
samples……….………….. 66 
 
 82
CHAPTER ONE  
INTRODUCTION  
 
 Sugarcane (Saccharum officinarum) is a tropical gramineous 
crop that grows well under hot dry conditions when sufficient water is 
available. The main growing sugar cane countries include India, 
Brazil, Cuba and Mexico. Sugar cane is a tall perennial grass, the 
plants are 150–600 cm in height, 2.5–7.5cm in diameter. They show 
no tape roots, but adventitious root system which originates from the 
lower nodes of the stem. The stem is solid and composed of a series of 
joints 5–25cm long. The length, diameter, shape, and colour of the 
joints vary greatly and these are used for classifying the plants. It 
grows well in tropical and sub-tropical areas (Ali, 1998 and Ahmed, 
1999).  
 Sugar factories are centrally located within the vast area of cane 
cultivation, since the sugar cane deteriorates rapidly after harvesting  
and  must be delivered promptly to the factory to avoid losses of sugar 
(Jenkins, 1966). Due to the large requirement of water for processing, 
most of the factories have been located near the banks of rivers.  
1.1. Sugar producing factories in the Sudan: 
In the Sudan, sugar cane was first planted and produced on 
commercial scale in early sixties with the commissioning of El-
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Guneid factory in 1962 followed by New Halfa in 1965 as reported by 
El-Hassan (1984).  
 With increase in domestic demand for sugar in the early 
seventies the government commenced the planning for a large 
expansion in sugar production, that included public sector projects at 
Sennar (1976), Assalaya (1979) and Kenana, which is one of the 
largest factories in the world, in (1979), (Adam, 1992). Beside these 
large sugar factories, there are many planned sugar factories such as 
Melut sugar project, Mangala, Renk and Setate factories. These 
factories have been located near the banks of the Blue Nile, White 
Nile and Atbara River (Ahmed, 1999).  
1.2. Composition of sugar cane:  
 The composition of cane varies in different varieties and is 
influenced by the conditions under which the cane grown. The factors 
affecting the composition of the cane includes environment, climate, 
irrigation and cultural practices like the application of fertilizers. 
When temperature fall and rain or irrigation ceases, growth is checked 
and finally almost stopped, while sucrose continues to be synthesized 
and the stem ripens from the bottom upwards. The sugar cane contains 
not only sucrose but also numerous other dissolved substances, as well 
as cellulose or woody fiber (Ahmed, 1999).  
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 Tran Van (1987) reported that when sugar cane was still at the 
immature stage (6–9 months after  planting) the process of sucrose 
formation was incomplete and the level of fructose and glucose and 
non-sugar soluble substrates were high. 
 In the Sudan sugar is obtained solely from sugar cane and 
amounts to national income as well as local consumption. Massecuite 
are liquor mother syrup from which raw sugar is obtained by 
crystallization and separated by centrifugation. The raw sugar is then 
subjected to refining techniques, where chemical treatments are 
applied to remove impurities and decolourize the product. After 
production of sugar, thick brown syrup is left, known as final 
molasses, which also of economic and industrial importance.  
 The quality of the products, sugar and final molasses are of 
great interest for local use and abroad export values. A major property 
is colour of the product. The colour is derived from small amounts of 
natural pigments such as chlorophyll, carotenoids, and anthocyanins 
originally found in sugar cane. To greater extent colour also results 
from the coloured materials formed on degradation of the sugars, as 
polyphenol-iron reaction between reducing sugars and amino acids, as 
well as other similar reactions that take place during processing 
(Honig, 1953).  
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1.3. The study area: 
 Kenana factory is located near Rabak town on the east bank of 
White Nile, some 250 km south of Khartoum and 1200 km from Port 
Sudan, at intersection of latitude 13º north and 33º east, about 410 m 
above seas level (Ali, 1998).  
 The production started in 1980 with 19715 MT and has been 
gradually increasing to reach the maximum by 1985/86 when the 
amount of sugar produced jumped to 305.874 MT. A higher figure 
was reported in 1986/87 as production amounted to 309705 MT of 
sugar (Salih-Sudanow, 1992).  
 The factory has a crushing capacity of 17000 metric tonnes of 
cane per day and a production capacity of 300,000 MT of white sugar 
annually. Usually the crushing season has an average duration of 150 
days (Ali, 1998). 
 Sprouts  are harvested at the age of 10–12 months from the 
cultivation of the crop. The main sugar cane varieties grown in the 
estate are Co 6806, which cover 50–60% of the area, Co 527, less than 
40% and the remaining area is for new varieties as B 47419 and B 
63349, which are under experimentation. 
 At the beginning of the production, capacity of the factory was 
2200 tonnes cane per day for production of 17000 tonnes of white 
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sugar per season for domestic consumption and for export. In 1980/81, 
productivity surpassed the designed capacity and reached 107.000 
tonnes of sugar. In 1984/85 capacity was raised to 18000 tonnes per 
day for producing 306000 tonnes per season, by expanding and 
enlarging the factory for the purpose of export. In season 1998/99, the 
total production was 365000 tonnes white sugar in 180 days.  
 The aim of this work is to analyze sugar during different stages 
of industrialization, for colour, sugar content, viscosity, grain size and 
ash, similarly molasses and treacle (black honey) are to be studied for 
viscosity. Consistency as well as for sucrose and invert sugar as they 
are of economic and nutritional values. 
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CHAPTER TWO  
LITERATURE REVIEW  
2.1. General: 
 It is manifest that sugarcane and sugar beet are the main sources 
of commercial sugar. It is a sweet disaccharide widely distributed in 
higher plants. On hydrolysis, one molecule of sucrose yield a 
molecule of D-glucose and a molecule of D-fructose (Metcalf et al. 
1970).  
 C12H22O11 + H2O    C6H12O6 + C6H12O6  
 Sucrose     Glucose  Fructose 
 The structure of sucrose is given by the following formula as 
shown by (Knecht, 1990)(Fig. 2).      
 
 
 
 
α - D – Glucopyranosyl – β – D – Fructofuranoside 
Fig. 2. Chemical structure of sucrose molecule. 
 In contrast to other mono–and–disaccharide's it is a non – 
reducing sugar. The reducing groups, formyl or Carbonyl group of the 
mono– saccharide constituents are consumed in the linkage between 
the two sugar units of glycoside formation.  
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H 
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 X–ray studies and work with enzymes, which were done by 
Cann and Stumpf (1972), showed that the configuration in the fructose 
is β while that in the glucose is α.  
 Sucrose is dextrorotatory, glucose (dextrose) is also 
dextrorotatory, while fructose (levulose) is levorotatory, when sucrose 
is broken down into two components of mono saccharides, the 
resulting solution is levorotatory. This inversion from dextro-to levulo 
has given the name invert sugar (Knecht, 1990).  
 Free glucose and fructose are also present in cane juice, raw 
sugar, molasses and treacle (Black honey). The presence of invert 
sugar in raw sugar interferes with polarimetric accurate determination 
of sucrose. Pure sucrose polarizes + 100º, however, raw sugar values 
range between + 96 and + 98.8.  
 The raw cane sugar production process at the factory is shown 
in Fig. (3) and may be divided into the following unit operations and 
chemical conversions:  
- The cane is first washed to remove mud and debars, then it is 
chopped and shredded by crushers preparation for extending 
the juice.  
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- Pressing the crushed cane through series of mills each of 
which consists of three-roll mills that extents heavy pressure, 
squeezes the juice.  
- Hot water and weak juice are added to help macerating the 
cane and aid in the extraction.  
- About 93% of juice could be extracted from the cane.  
- The remainder of the cane bagasse is either burned for fuel or 
used to manufacture paper and hardboard.  
- The juice is limed to remove both the insoluble and soluble 
impurities and change the pH.  
- Phosphoric acid might be added to the juice that contain a 
small amount of phosphates to clarify well.  
- The juice is heated to between 103 and 105ºC and             
- Lime is again added until a pH of 6.5 to 7.1 is attained (MC 
Adamand and Tait, 1996).  
- The settled mud with small particles of bagasse can be filtered 
through a vacuum filter. The filter cake obtained to vacuum 
filtration represents 3.0 to 4.0% of cane, and contains sugar not 
extracted during filtration. It is a loss of sugar production 
process.  
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 The filtrated and clarified juice of high lime content, contains 
about 85% water. It is heated in vacuum evaporator to remove 
approximately two–third of water. Antonio and Carlos (2001) reported 
that the product of the evaporation stage is sugar syrup of 78% to 86% 
purity, 60 to 65% Brix and 5.3 to 4.5% invert sugars. The sucrose 
concentration of syrup is adequate to allow its crystallization at the 
next stage of the process.  
- The first step of crystallization process involves increasing 
super saturation of the syrup to between 1.25 and 1.40, by 
boiling in vacuum pans in order to effect the spontaneous 
production of sugar crystals.  
- Sugar crystals then grow in size of massecuite crystals 
(Bostok, 1997).  
- The massecuite is sent to the cooling crystallizers to allow 
sugar recovery. Its super saturation level increased and  
- Remaining sucrose is transferred from the mother liquor to the 
crystal.  
- In a three massecuite system (A.B.C)(Fig. 4) the A-massecuite 
and B-massecuite are directed to commercial sugar, while C-
massecuite is used as seeds for the production of A-and B-
massecuite. 
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- Molasses referred to as final molasses and is separated from 
the crystalline sugar by centrifugation.  
 Losses at the crystallization stage of raw sugar production occur 
due to poor recovery of sucrose from the final molasses. Along time 
lapse between cutting and bringing of the cane results in an increase in 
both polysaccharide and oligosaccharide content, thus increasing the 
viscosity of the molasses and decreasing diffusion of sucrose from the 
mother liquor to the crystal (Antnio and Carles, 2001).  
 White sugar is produced by direct processing of sugar cane 
(Fig. 5) with higher sucrose content and is less coloured than raw 
sugar, and can be used directly for both domestic and industrial 
consumption. White sugar is processed using either carbonation or 
sulphitation techniques. 
2.2. Variation in percentage of invert sugar:  
 Baikow (1982) reported that the proportion of invert sugar was 
found appreciable during the period of rapid growth. However, as the 
growth rate slowed down during the period of short days, low soil 
moisture, cool nights and the cane began to mature, the quantity of 
invert sugar in the stalk became less, nevertheless there were 
variations from one season to another and between varieties.  
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 Certain cases were observed when the percentage of invert 
sugar raised sharply by enzymatic action, e.g. on disease incidence an 
insect attack on the plant. Similarly freeze damaged, hurricane 
damage excessive drought or when the cane was left too long in the 
field or yards gave higher invert sugar (Ahmed 1999).  
 Lal Mathur (1990) reported that damaged immature and over-
mature cane contained more invert sugar.  
 Magadum and Kadam (1996) stated that, the most important 
factor decreasing sugar recovery was staling of cane during the delay 
between harvesting and milling. They pointed out that physical and 
chemical changes had been done during staling, like weight loss due 
to evaporation and sugar loss via inversion caused by enzyme activity 
which varied with cane age, storage time, temperature, humidity.  
 Lionnet (1996) found that the natural enzymes within the cane 
cause deterioration of stalks firstly. But the most importance 
deterioration occurs by microorganisms which rapidly invade the 
burned and cutted stalk. It caused not only direct sucrose loss but also 
produced compound that might interfere with processing and 
increased molasses yield (oligosaccharides, polysaccharide, coloured 
substances, lactic and other acids). The rate of deterioration depends 
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exponentially on temperature. It increased on cane burning and 
deterashing and was higher for billets than whole stalks.  
2.3. Composition of sugar cane:  
 Elgindi (1966) reported that the vegetative composition of 
mature cane differed with variety, age and condition under which the 
cane had been grown. But would fall generally within the following 
limits: underground limits includes: stubble and roots. 4.5% and 
12.7% respectively, above ground includes: Trash 24.6%, stalks 
49.2% and tops 9%. 
 According to Lal Mathur (1990), the percentage of sugar in the 
cane varied from 14 – 17% in hot areas and 10-12% in cold areas. It 
depends also to a great extent on the variety of cane, its maturity, the 
condition of the soil, the climate and agricultural practices followed. 
He pointed out that the constituents of ripe cane varied widely in 
different countries and regions, but occurred generally within: 69-75% 
moisture, 8-16% sucrose, 0.5-2% reducing sugars 0.5-1% organic 
matter, 0.2-0.6% inorganic compounds nitrogen , 0.5-1% nitrogenous 
bodies, 0.3-1% ash and 10-16% fiber.  
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2.4. The composition of juice:  
 Lal Mathur (1990) found that constituents of cane juice were: 
75-88% moisture, 10-21% sucrose, 0.3-3% reducing sugars 0.2-0.6% 
organic matter, and 0.5-1% nitrogenous bodies.  
 Hale and Whayman (1970) reported that the purity of clarified 
juice is 1.0 to 1.5 points greater than that of mixed juice, 14-16 Brix, 
0.1-1.2 invert sugars and 7.0 pH.  
 James (1974) showed that the composition of juice clarify: 
15.9-16% Brix, 13-74-13.78 Pol, 85.34-86.67 purity and 0.663-0.685 
ash.  
 Ahmed (1999) determined that the composition of New Halfa 
factory juice was: 5.59-19.69 Brix, 4.49-17.06 Pol, 80.30-86.52 purity 
and 0.38-0.52 reducing sugars.  
2.5. Composition of final products (sugar):  
 Raw sugar had 99.05% sucrose, dry matter 99.8%, reducing 
substance 0.23% carbonate ash 0.13% and calcium salts 0.033% 
(Golybin, 1995). Raw sugar analyzed by Blackburin (1984) gave 
sucrose (Pol) 98.37%, reducing sugars 0.45%,other organic matters 
0.55% ash 0.26% and water 0.37%. 
 99
 Neil and Charles (1990) found that the constituents of brown 
sugar were sucrose 85-96% invert sugars 1.5-5%, ash 0.3-1% moisture 
1-3.5 and colour 40-60 unit. 
 The white sugar for domestic consumption and some industrial 
use had: 99.8 Pol, 0.016% reducing sugar, 0.036 moisture and 0.022 
ash content and colour 64 unit (Fok Hon, 1989). Coloured sugar 
analyzed by Ahmed (1999) gave: Pol ranged between 97.38%, Brix 
98.96-99.77%, purity 98.47-99.32%, reducing sugar 0.180-0.190, 
nitrogen content 0.14-0.18, protein 0.88-1.16, moisture 0.18-0.21, 
total sugar 46.48-47.13% and colour 235-287 unit.  
2.6. Composition of treacle (Blackhoney), and Amber (golden 
syrup): 
 These materials were viscous liquids containing un-
crystallisable sucrose, reducing sugar, dextrin organic acids, 
nitrogenous matter and inorganic constituents. Golden syrup, which 
contains the highest portion of sucrose and invert sugar, is prepared 
from residues obtained during the production of refined sugar. After 
removing the crystallisable sugar, the residue is boiled with dilute 
sulphuric acid. After neutralizing with chalk, the syrup is filtered 
through charcoal and concentrated under reduced pressure. (Person, 
1970) reported that the composition of these products golden syrup: 
 100
total solids 83%, total sugars 79-83%, sucrose 31-33%, reducing 
sugars as invert sugar 47-50% sulphated ash 1.7%. treacle, total solids 
83%, total sugars 72-80%, sucrose 23-33%, reducing sugars as invert 
sugar 37-50% sulphated ash 4.0%.  
 Amin, et al. (1999) reported that the good quality of treacle 
must have the following figures for the suggested five calculated 
parameters: sucrose / reducing sugars ratio (1.5-2), total sugar % / 
total soluble solid% not less than 95, sucrose % / total sugar % (60-
65), reducing sugars % / total sugars, (30-35) and reducing sugar / ash 
ratio 16%.  
2.7. By-products:  
 The By-products of sugar manufacture: molasse – bagasse and 
filter mud, are used in many ways, sugar is increasingly regarded not 
only as food for man but also as basic raw material for a burgeaning 
sucro chemical industry as animal feed (Ahmed, 1999).  
2.7.1. Molasses:  
 The end product from sugar refining is molasses. 
Approximately 40-60 percent of molasses is sucrose and invert sugar, 
with the remainder being inorganic non-sugars. It is highly coloured. 
The primary use of molasses is in animal feed supplements. Specially 
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molasses and syrups produced from cane juices are available for food 
flavoring (Neil and Charles, 1990).  
 Ruter (1975) and Mohamed (1987) reported that the quantity of 
molasses produced in proportion to sugar recovered was found to be 
influenced by certain non-sugar in the juice notably mineral salts and 
nitrogenous substances. The yield of recoverable sugar was depressed 
and that of molasses increased.  
 Honig (1963) reported that the composition of Brazilian cane 
molasses gave: Brix 79.33-91.6% Pol (10.68-41.85%), reducing sugar 
(9.66-39.90%), total sugar (47.70-58.70%), purity (30.00-53.90%) 
nitrogen  (2-12), ash (4.58-9.40%), water (16.4-26.70%), dry 
substance (73.50-87.48%), sulfuric acid (0.175-1.20), glucose 
coefficient (33.6-41.80%).  
 Dekker, (1957) conducted a detailed examination of molasses 
from several factories and found that, sucrose ranged (32-36%), 
reducing sugars (20-30), gums including starch (3.55%) crude protein 
(3.21%) , wax (0.45%), carbonate ash (11.5%( and moisture (20%).  
 Similar percentage was shown by Ahmed (1999) who 
determined the chemical composition of New Halfa molasses: Brix 
(89.11%), Pol (32.58%), purity (30.56%), reducing sugar (14.17%), 
total sugar (47.13%), nitrogen  (0.35%), protein (2.19%) carbonate ash 
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(11.03%), sulphated ash (14.43%) moisture (20.17%) pH (5.34%) and 
relative viscosity (3.91%).  
2.7.2. Bagasse:            
 Ahmed (1999) reported that bagasses is the fibrous residue from 
crushed cane, similar in composition to wood, except that it has higher 
moisture content, about 50% compared with as little as 10% in same 
Hard wood, the other component of bagasse are complex of pentoses, 
lignin and cellulose. On a dry weight basis bagasse has more 
pentosans, less lignin and much the same cellulose content as wood.  
 Some uses of bagasse include being burnt for energy to assist 
operations in sugar factory. Paper manufacture using cross β-cellulose, 
α-cellulose used for production of rayon and production of 
compressed fiber board (Chen, 1996).  
2.7.3. Filter mud: 
 Filter mud or filter cake is a useful fertilizer specially when 
applied to phosphate deficient soils and to field in which the topsoil 
has been moved or redistributed for any season (Singh and Solomon, 
1995).  
2.8. Some physical properties:  
2.8.1. Colour of cane juice and raw sugar:  
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 Honig (1953) reported that the colour could be derived from 
small amounts of natural pigments such as chlorophyll's, carotenoids, 
anthocyanines, tannin, xanthophylls and sacchartins originally found 
in the cane. However, to greater extent colour resulted from the 
degradation of the sugar, polyphenol iron reactions between reducing 
sugars and amino acids and other similar reactions which took place 
during processing. He also pointed out that over heating during 
evaporation and crystallization steps could lead to colour formation 
due to caramelization and decomposition products.  
 The caramel (a mixture of various dark colour substances 
soluble in water, not sweet and non-fermentable) was apparently due 
to dehydration and condensation reactions of the heated sugar. It is 
formed from sucrose as well as glucose and fructose. The composition 
of the caramel depended upon conditions of time, temperature and pH 
(Zerban, 1947 and Honig, 1953). 
 Zerban (1947) pointed that the caramel was a complex of 
unhydrides and that three separated anhydrides were namely; 
caramelan, caramelen and caramelin.  
 Spectrophotometric studies of colour formation in sugar done 
by Ledon and Larraneta (1949) showed that upon heating for 20 
hours, the developed colours for glucose and fructose were identical, 
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but seven times as intense as for sucrose under the same conditions. 
Their tests indicated that temperature not only increased the quantity 
of pigment formation, but also affected the natural pigments. The 
effect of pH was more marked than temperature, the colour being ten 
times greater at pH 8.0 than pH 5.9.  
 Yamane and Kamihigosi (1939) discussed the general 
properties of colouring matter in cane juice and their effect on sugar 
manufacture. They mentioned that the red brown humic substance 
become more occluded in the sugar crystals, particularly at low pH 
values.  
 Most of the colouring matter which was formed from reducing 
sugars could be removed with the precipitate. However, the clarified 
juice might be darker than the raw juice due primarily to polyphenol 
iron compounds. If an excess lime was used neutralization should 
done by means of carbonation or sulphation and the precipitate formed 
strongly absorbed colour substance. Similarly, colour changes during 
evaporation and crystallization of the juice were largely due to 
caramel and melanoidin formed on heating of juice (Zerban, 1949).  
 Lal Mathur (1993) indicated that the colour of juice change with 
pH. Excess alkali produced golden yellow filtered juice but when 
neutralized with acid turned to olive brown.  
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 Khomutets et al. (1994) showed that the effect of melanoidins 
on colour was higher than caramels. Lionnet (1996) stated that 
microorganisms that rapidly invaded burned and cut stalks produced 
compounds that interfered with processing and increased molasses 
yield and colour. 
 The brown sugar quality was clearly affected by the contents of 
Phosphorous (P) Calcium (Ca), nitrogen (N), Aluminum (Al) and 
Silicon (Si) dissolving of iron also increased the colour (Honig, 1946 
and Akinaga et al. 1996).  
 Ahmed (1999) reported that in general, most raw or 
intermediate sugar product were found to have a yellow, amber or 
dark reddish brown colour. The amount and type of colour depended 
on the nature of original colouring matter and the reactions that 
occurred during processing. The factors involved were source of raw 
material, operating conditions (like pH and temperature) and 
absorbent used in processing.  
 Chen and Meade (1977) worked on colour changes in raw sugar 
particularly during storage. Colour increased up to 100% in twelve 
months storage, but there was no relation to the colour of the original 
raw sugar. A direct relationship was found between the content and 
colour increase upon storage. The colour development was less at law 
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temperatures. Furthermore, colour changes on storage  were  
significant  since  stored sugar might have two or three times as much 
colour as fresh sugars. Different raw sugars differed greatly in colour.  
 Spectrophotometric analysis made on cane raw sugar at 60º 
Brix solution of a light, medium and dark coloured raw sugar showed 
that the total amount of colour would vary considerably and the 
general colour character was similar. 
  
2.8.2. Particle size:  
 Blackburn (1984) determined the character of raw sugar at the 
bulk store and found that the mean aperture ranged between 0.4 – 0.8 
mm and the coefficient variation ranged between 33 – 36.  
 Ahmed (1999) found that the mean aperture ranged between 
0.5–1.0 mm for coloured sugar, 1.0 – 2.0 mm for dark coloured sugar 
and the coefficient variation 31, 34 for coloured and dark coloured. 
2.8.3. Viscosity of sugar solution and molasses:  
 The viscosity of sugar solution was profoundly affected by 
changes in temperature and density. Decreased rapidly with rising 
temperature and increased rapidly with rising concentration. The 
effect of impurities on viscosity was complex. For the same total solid 
concentration, solutions containing invert sugars had a lower viscosity 
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than sucrose. The effect of mineral salts appeared to be variable, in 
general, sodium and potassium salts reduced the viscosity of sugar 
solutions and calcium salts increased it (Spencer and Meade, 1945). 
They also reported that the organic non-sugar probably had a profound 
effect. Compounds of high molecular weight might increase the 
viscosity. 
 Zerban (1952) reported that the effect of variations in pH on the 
viscosity of sugar solution was negligible except that above pH 11.0 
the viscosity increased. The effect of concentration and temperature 
on the molasses viscosity was significant in the practical manufacture 
with respect to the amount of molasses flowing through pipes or 
pumps, as well as to the discharge under natural differences of gravity 
and centrifugal forces.  
 In sucrose solution, viscosity increased with solids content, 
although not in a linear manner. Viscosity also decreases rapidly with 
an increase in temperature. And generally as sucrose purity decreases 
its viscosity will increase. Full expression of this relationship for pure 
sucrose solution requires table relating viscosity to temperature and 
concentration. At 20ºC, a 20º Brix solution of sucrose has a viscosity 
of about 2, a 40º Brix solution will be about 6, a 60º Brix solution 
about 60, and a 70º Brix solution about 480. Heating a 60º Brix sugar 
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solution from 20ºC to 50ºC lowered viscosity from 60 to 12 (Neil and 
Charles, 1990).  
 Ahmed (1999) indicated that the viscosity of molasses, coloured 
sugar and dark sugar were 4.927, 1.867, 1.907 centistokes 
respectively.  
2.9. Quality and quantity of sugar and molasses by T.L.C.: 
 Mono-and disaccharides could be determined by thin layer 
chromatography. Jeffrey (1969) determined the di, tri, and tetra 
saccharides by T.L.C. He found that sucrose had a dark – brown 
colour when located by diphenylamine, aniline, orthophosphoric acid 
and acetone. Budair (1977) reported that on T.L.C. plate and n-
buatanol acetic acid, water (B.A.W) as a mobile phase, glucose gave 
dark – blue colour while fructose and sucrose gave reddish – brown 
and dark – brown colours respectively. He also reported that the Rf 
value of several sugars was 0.76 for glucose, 0.74 for fructose and 
0.64 for sucrose.               
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CHAPTER THREE 
MATERIALS AND METHODS 
 
3.1 Materials: 
 Samples were collected during the seasons 2000/2001 and 
2001/2002 at Kenana sugar factory, they include juices, syrup, 
massecuite, magma, molasses, raw sugar, skip, run off and white 
sugar. In addition to treacle (Black honey) and amber. 
3.1.1. Juices: 
 Samples of juices, crushed juice, mixed juice, residual juice and 
clarified juice were taken from first mill, last mill, mixture, and after 
filtering respectively.  
3.1.2. Syrup, Massecuite and magma: 
 Syrup, massecuite and magma were taken directly from the 
evaporator concentration tanks. 
3.1.3 Molasses: 
 Samples of molasses were taken from processing line at the end 
of the process, and stored in plastic container for twelve months at 
room temperature. 
3.1.4 Raw sugar: 
 Samples of raw sugar were taken from the processing line after 
centrifuging. 
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3.1.5 Skip: 
 Samples of skip were taken directly from the evaporator 
concentration tanks. 
3.1.6 Runoff: 
 Samples of runoff were taken from processing line and at the 
end of process. 
3.1.7 Refined white sugars: 
 Samples of final product, (refined white sugar), were taken 
from the processing line after centrifuging and drying. They were 
stored in plastic containers for twelve months at room temperature. 
3.1.8 Treacle (Black honey): 
 Sample of treacle was taken from the processing line at the 
process, and stored in plastic container for twelve months at room 
temperature. 
3.2 Methods of analysis: 
 Laboratory analysis were carried out to determine chemical and 
physical characteristics. The analysis includes: 
a. Total soluble solids (Brix) using Automatic Digital 
Referactometer. 
b. The sucrose % (Pol) using Automatic Digital Polarimeter. 
c. Reducing sugars. 
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d. Moisture content. 
e. pH determination. 
f. Carbonated and sulphated ash. 
g. Viscosity of sugar, molasses and treacle. 
h. Turbidity of sugar. 
i. Colour of raw sugar and final product (white sugar). 
j. Particle size of sugar crystals. 
k. Chromatographic and spectrophotometric analysis to 
determine the quality and quantity of sugars. 
l. Nitrogen content and protein. 
3.2.1 Total soluble solids (T.S.S) (Brix): 
I. Juice and syrup: 
The Brix was determined according to the method of ICUMSA 
(1994) (the international commission uniform methods of sugar 
analysis) using Automatic Digital RFM340 Refractometer. 
 The measurement of refractive index was taken for all sugar 
products. Portion of sample (juice and syrup) was placed in the 
refractometer. The reading was recorded as Brix directly. 
II. Molasses, massecuite, skip, runoff, treacle and sugars:  
 Samples containing undissolved sugar crystals like molasses, 
magma, massecuite, skip, runoff, treacle and sugar were diluted with a 
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known amount of water (1:1), whereas samples containing suspended 
solids were centrifuged. A drop of the sample was placed in the 
refractometer. 
Calculation: 
 The value of Brix was read and multiplied by dilution factor 2. 
3.2.2 Sucrose percent (Pol%): 
 The measurement was done according to the method of 
ICUMSA (1994) using Automatic Digital Polarimeter Type AA-10 
using a wavelength of 578 nm. 
Procedure: 
1. Juice and syrup: 
 A portion (40-60g) of the sample was weighed out in a 100ml 
volumetric flask, then distilled water was added to a volume not 
exceeding 70ml. It was then dissolved by hand swirling 3ml basic lead 
acetate solution was added. Distilled water was then added to the 
calibration mark. Then the solution was filtered. 
 The cell tube was rinsed thoroughly at least twice with the 
solution to be used. Then filled in such away that no air bubbles were 
entrapped. The cell tube was placed in the polarimeter. The reading 
was recorded as Pol directly. 
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For molasses, massecuite, skip and treacle only about 20–40g samples 
required. While for raw sugar and white sugar the sample size was 
26.0000±0.002 g. 
3.2.3 Reducing sugars: 
 Reducing sugars were determined by the lane and Eynon 
method (ICUMSA, 1970) at Kenana Sugar Factory Lab . 
 Materials analyzed for reducing sugar were juices, syrup, 
massecuite, molasses, sugars and treacle. 
Procedure: 
1. Juices, crushed, mixed, residual and clarified juice: 
 Twenty five grams of the samples were weighed for crushed 
juice mixed and clarified juice in 100ml volumetric flask, whereas for 
residual juice 50 g are taken in 200 ml volumetric flask. Distilled 
water and 3 ml of lead acetate solution were added and mixed well. 
The volume was completed with distilled water and filtered. 
Calculation: 
The reducing sugars were calculated from the formula: 
Reducing sugars (R.S) = 100
sampleofionconcentratTitration
factorFehling ××   
Where:  
Fehling factor = 0.050  
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For massecuite and syrup as well as for molasses, magma about five 
grams are used.  
For sugars 100 – 140 g samples are required. 
3.2.4 Total sugar as invert: 
 Materials analyzed for total sugar was the final molasses. 
Procedure: 
 Fifteen grams of the diluted solution of molasses (1 : 1) were 
transferred into 500 ml volumetric flask, distilled water was added till 
the mark. 50 ml were pipette into 200 ml volumetric flask and heated. 
10 ml of 6.36 N hydrochloric acid was added and neutralized with 
sodium hydroxide (6N). 10 ml of fehling solution were piptte into a 
flask and added to 23 – 27 ml of molasses solution and heated till 
boiling, 5 drops of methylene blue were added and the titration was 
followed till the blue colour disappeared.  
Calculation: 
Total sugar as invert = 
solutionmlinmolassesgTitration
sugarreducingmg
100
10
×
×  
Where: 
 Mg reducing sugars obtained from standard tables according to 
the volume of titration. 
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3.2.5 Ash Content: 
3.2.5.1 Carbonated Ash: 
Reagents: 
 Ammonium nitrate solution containing ammonia: 10 gm 
ammonium nitrate dissolved in 10 ml of ammonium hydroxide 
(25g/100ml) and made up to 100ml with distilled water. 
 Ammonium carbonate solution: 10g of ammonium carbonate 
was dissolved in water and made up to 100 ml. 
Procedure: 
 Five grams of each molasses, sugar and treacle was heated 
carefully in a 100 ml. Platinum dish in a furnace at 600ºC until the 
mass carbonized. It was left to cool down, and just moistened with hot 
water. Then ground in a mortar. The mass was then filtered through 
ash free paper. The residue plus filter paper were returned to the 
platinum dish, dried, carbonized, evaporated to dryness and 
incinerated in furnace at  450Cº.  
 The ash was moistened with ammonia containing nitrate 
solution, dried on a water- bath and heated again in a muffle furnace at 
450Cº. 
 116
The residue was then moistened with ammonium carbonate solution. 
After drying on water-bath. It was heated at 450Cº. The last step was 
repeated twice, till a constant weight was attained. 
 The remainder was weighed and expressed as percentage 
carbonated ash.  
Calculation: 
Carbonated ash = 
12
13
WW
)WW(100
−
−×  
Where: 
 WI: weight of empty dish  
 W2: weight of dish + the sample before ashing 
 W3: weight of the dish + ash 
3.2.5.2 Sulphated ash: 
Reagents: 
Concentrated sulphuric acid 1.84g /cm3   
Concentrated hydrochloric acid 1.18g/cm3     
Procedure: 
 The dish was cleaned with boiling hydrolic acid solution. It was 
rinsed thoroughly with water, then heated in the furnace at 550ºC. The 
dish was weighed to + 0.2mg after it was left to cool down. 
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 Ten grams of sample was weighed in a platinum dish. Two ml 
of sulphuric acid were added, then the dish was heated in a bunsen 
burner until the mass carbonized. 
 The dish with carbonized mass was heated in furnace at 550ºC 
for 2 hours. It was left to cool and 2ml of sulphuric acid was added 
again. The dish was evaporated and weighed to + 0.2mg (ICUMSA, 
1994).  
Calculation:      
Sulphated ash % = 
01
02
MM
MM
100 −
−×   
Where:  
mo = weight of empty dish. 
m1= weight of dish + sample before ashing. 
m2 = weight of dish + ash.  
3.2.5.3. Conductivity ash:  
 The ash was determined conductimetrically (conductivity ash) 
according to the (ICUMSA, 1994) using conductivity meter. 
Reagents: 
• De-ionised water. 
• Potassium chloride 0.0025mol/l.  
Produce: 
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 Five grams of sample were dissolved in de-ionized water in 100 
ml flask and made up to the volume at 20º C. The measuring cell was 
rinsed with portions of de-ionized water, then the sugar solution was 
transferred to measuring cell. The measurement was checked by using 
potassium chloride (the reference solution). The reading was recorded 
as conductivity of sugar solution. 
Calculation:  
  C = C1 – C2  
Conductivity ash % = (16.2 + 0.36D)×10-4×C×f  
Where:  
C = the corrected conductivity of sugar solution. 
C1 = the measured conductivity of sugar solution at 20ºC.  
C2 = the conductivity of de-ionized water. 
D = the dry substance concentration of the sugar solution  
f = the dilution factor of the sugar solution. 
3.2.6. Nitrogen content:  
 The nitrogen content was determined by micro-Kjeldahl method 
as descried by Person (1976). In semi-micro digestion flask, 0.2g of 
the sample, one gram of a catalyst (Potassium sulfate+ Cupric acid) 
and 3.5 ml of sulfuric acid were mixed together.  
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 The mixture was digested for two hours. The solution was then 
transferred to the distillation unit. Ten ml of 40% NaOH solution were 
added to the solution, the mixture was heated and the nitrogen was 
collected in flask containing, 10 ml 2% boric acid and few drops of 
mixed indicator methyl red, the solution was then titrated against HCl 
0.02N. The following formula was used to determine nitrogen 
percentage (g/100 g). 
Nitrogen % =  
1000
10014
×
×××
W
NV   
Where:  
V = volume of hydrochloric acid (0.02 N) used for titration.  
N = normality of HCl (0.02 N). 
W = weight of original sample (g).  
The nitrogen percentage was then multiplied by the factor 6.25 to 
determine the percentage of Protein in the sample.        
3.2.7. Viscosity of sugar solution, molasses and treacle:  
 The viscosity is generally given in centipoises (mpa) or 
centistock (cm2/s), or as a relative viscosity. The kinematic viscosity 
of diluted molasses (50º BX), and sugar solution (50%) was 
determined according to the AOAC method (1984) using a U-shaped 
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viscometer tube type 501 model 20/11. The samples and distilled 
water were measured at 30ºC using a water – bath.  
Calculation:  
1. Kinematic viscosity (centistock) =  
CatwateroftimeFlow
atsampleoftimeFlow
o
o
30
0038.130 ×  
where:  
1.0083 = viscosity of water at 20ºC.  
2. Relative viscosity = 
o
o
T
TT −
 
Where:  
T = flow time of the sample 
To = flow time of distilled water at the same temperature.  
3.2.8. Particle size:  
 Particle size was measured according to ICUMSA method 
(1974). The sample was sub divided using a divider and the whole of 
the final sub-division was used in the sieving test.  
 An appropriate set of sieves were assembled in descending 
order of operator size. The weighed sample was transferred to upper 
most sieve. After shaking for 6-10 minutes, the fractions retained by 
each sieve, as well as the amount passed by the bottom sieve were 
weighed separately.  
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 The cumulative percentage retained by each sieve was 
calculated. Those values were plotted against the corresponding size. 
Size of aperture corresponding to 50% (a50) was read, as well as 
apertures corresponding to 16% (a16) and 84% (a84) consequently. 
Mean aperture (MA) = a50 
Coefficient of variation (CV) = 
MA
aa
2
)(100 8416 −  
 
3.2.9. Determination of pH value:  
 A pH meter type 3310 was used. It was standardized with a 
buffer solution, potassium hydrogen phthalate pH 4.00 at 20ºC, 
distilled water pH 7.00 and disodium tetraborate pH 9.00 at 20ºC. a 
sample solution of 50g/100g was used. The result was expressed as 
pH to the nearest 0.01 degree. 
3.2.10. Colour of final product (sugar):   
 Colour measurement was done according to ICUMSA (1994), 
method No. Gs2/3-9 using automatic digital Suma talameter, capable 
of light transmission measurements at wavelength of 420nm for white 
sugar and light colour products. ICUMSA method using a wavelength 
of 560 nm was used for dark coloured products.  
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 The absorbency of sugar solution is measured after the 
membrane filtration (Kieselguhr may be used with products which are 
difficult to filter) and at neutral pH of 7.0 except for white sugar. 
Sample preparation: 
 The sugar to be tested was dissolved in distilled water using the 
following concentrations: 
a) White sugar 50.0g. 
b) Dark coloured sugar: practicable as high as to be consistent with 
reasonable filtration rate and cell depth. 
 The sample solution was filtered under vacuum, whiter sugar 
solution and light coloured liquors being filtered through a membrane 
filter, pore size 0.45um. Slower filtering solutions were filtered with 
Kieselguher (1% on solid) through filter paper. The first portion of the 
filtrate was discarded. The pH of solution was adjusted to 7.0 with 
hydrochloric acid solution. Entrapped air was removed. The filtered 
solution was de-aerated for one hour. Distilled water was used as a 
reference standard. The Brix of the solution was measured. 
Colour measurement: 
 The cuvette was rinsed three times with the sample solution, 
and then filled. The absorbency of the solution was read directly at 
560nm (420nm for white sugar) using distilled water as a reference. 
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The cell should be at least 4cm in length. A cell length of 10cm or 
more is to be preferred for low colour white sugars. 
Calculation: 
Colour = 
)(cmlengthcell
factorBrixabsorbency ×
 
3.2.11. Turbidity of sugars:  
 The sample sugar was dissolved in distilled water (1 : 1) 
without filtration. Distilled water was used as reference standard. The 
brix of the solution was measured. The cuvette was filled with the 
sample solution before filtration. The absorbency of the solution was 
read directly and the colour of sample solution before filtration was 
calculated. 
 Similar sample of sugar was dissolved in distilled water and 
then filtered. The same procedure were done to calculate the colour of 
the sample solution after filtration by the talameter.  
Calculation: 
Turbidity = colour before filtration – colour after filtration. 
3.2.12. Moisture content:  
 Moisture content was determined according to the method of 
the ICUMSA, (1994).  
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 An empty dish with lid opened was heated for 30 minutes in an 
oven at 105ºC. then removed from the oven, the lid was replaced and 
placed in a desicator at room temperature then weighed.  
 Twenty grams of the sample were placed in the dish and 
weighed with the lid on it. Then returned to the oven, with the opened 
state for exactly three hours. The lid was replaced and removed to the 
desicator and weighed at room temperature.  
Calculation:  
 Moisture percent = 
12
32 )(100
MM
MM
−
−        
Where:  
M1 = mass of dish (g) 
M2 = mass of dish + sample before drying (g) 
M3 = mass of dish + sample after drying (g). 
3.2.13. Thin layer chromatography: 
3.2.13.1. Qualitative analysis of sugar by (T.L.C):  
Technique: Ascending development  
Stationary phase: Silica gel G60 (Merck). 
Mobile phase: n–butanol: acetic acid: water (BAW) 5 : 4 : 1 v/v. 
(Jeffrey et al., 1969).  
Samples: 20 microlitre solution in aquous methanol. 
Application: Micropipette. 
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Time: 1.5 – 2.0 hours, to length of 15cm.  
Locating reagent: A mixture of 4g diphenylamine, 4ml aniline, 20ml 
orthophosphoric acid (80%) and 200ml acetone. (Bailey, et al., 1960) 
Treatment: Plates were heated in an oven at 100ºC for 10 minutes  
Detections: the spots were visualized for characteristic colour and Rf 
value.  
Reference compounds: Authentic sugars were dissolved in aquous 
methanol. 
3.2.13.2. Quantitative determination by (T.L.C). 
Development: Ascending technique. 
Stationary phase: Silica gel G60 (Merck) 
Mobile phase: n – butanol: acetic acid: water (5 : 4 : 1 v/v)(BAW). 
Reference sugar: pure sucrose, glucose and fructose.    
Samples: 1g dissolved in aquous methanol and completed to 100ml. 
Application: Micropipette. 
Time: 1.5 – 2.0 hours, to length of 15cm.  
Lacating reagent: A mixture of 4g diphenylamine, 4ml aniline, 20ml 
orthophosphoric acid 200ml acetone.  
Detection and analysis: The spots were visualized according to 
characteristic colours, traced and scrapped off for spectrophotometric 
measurements. 
 126
Spectrophotometric measurement: Equipment: spectrophotometer type 
WPA. S.I.I.D model.  
 Each spot was eluted with three ml (1%) hydrochloric acid and 
(1%) ascorbic acid in methanol (HAM) and filter to a clean solution 
by centrifugation. (Bancher et al., 1964; Jacin and Mishlein 1965). A 
blank was prepared by scrapping an unspotted area on the plate. 
Different dilutions of reference sugars were measured and a standard 
curve for concentration against optical density was plotted and used 
for determination of sample  concentration  ( Kirchiner  1971;  
Ackermann et al., 1971). Wave length  λ 560nm                               
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CHAPTER FOUR 
RESULTS AND DISCUSSION 
 
4.1. Sugar content and purity of cane juice:  
 Table (1) shows results of the common analysis for cane juices 
namely crushed (primary), mixed, residual (last mill juice) and 
clarified (clear juice). The total soluble solids and sucrose percent and 
consequently purity (sweetness) were highest for crushed juice and 
were lowest for residual juice. Almost similar percentages of TSS, 
sucrose and purity were shown for mixed and clarified juices. The 
reducing sugars were highest for clarified and were lowest for residual 
juice. The pH of clarified was higher than that in the crushed, while 
they were almost similar in mixed and residual juice. Comparable 
results for sucrose content and reducing sugars were demonstrated by 
Lal Mather (1990) who reported that sucrose percent ranged between 
10–21% and reducing sugars ranged between 0.3 and 3%. However, 
Hale and Whayman (1970) stated that the purity of clarified juice was 
greater than that of mixed juice by 1.0 to 1.5 points and they found 
relatively comparable values for Brix (14–16), invert sugars (0.1–1.2) 
and pH 7.0, James (1974) found related values for Brix, Pol and purity 
of clarified juice which ranged between (15.9–16.10), (13.74–13.78) 
and (85.34–86.67) respectively. Similar findings were shown by 
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Ahmed (1999) who works on New Halfa factory juice demonstrated 
that, Brix was in range of (5.59 – 12.69) Pol (4.49–17.06). However, 
purity ranged between 80.30–86.52 and reducing sugars ranged 
between 0.38 and 0.52.  
4.2. Purity (Sweetness) of boiling house samples:  
 Table (2) shows a higher T.S.S percentage for C-massecuite 
than that for the other syrup samples, and this shows that C- 
massecuite are more concentrated than syrup and magma. The lowest 
sucrose content of C- massecuite is due to the crystallization and 
separation of sugar from A and B massecuite. 
 Fig (6) shows a high purity (Sweetness) of syrup and A- 
massecuite and it decreased till lowest at C- massecuite. The decrease 
of the purity in terms of sweetness was due to crystallization of 
sucrose.  
 The reducing sugars of C- massecuite were higher than that of 
the other samples. The pH of boiling house syrup samples remained 
the same. Comparable results for Brix, sucrose content and purity 
were demonstrated by Ahmed (1999) who reported that Brix was in 
the range of 56.03– 99.20%, however, sucrose content ranged between 
47.99 – 83.15% and purity ranged between 59.23 and 91.98%.  
 
 129
 
 
 
 
Table (1): Total soluble solids T.S.S. (Brix) and sucrose content (Pol) 
and reducing sugar (R.S) of cane juice  
Sample Brix Pol Purity R.S. pH 
Crushed 20.90 18.17 86.94 0.82 5.3 
Mixed 13.92 11.91 85.56 0.67 5.5 
Residual 2.63 1.99 75.67 0.13 5.9 
Clarified 14.12 12.09 85.62 0.83 6.9 
 
 
Table (2): Brix, Pol, purity, reducing sugar (R.S) and pH. For boiling 
house syrup samples:  
Sample Brix Pol Purity R.S. pH 
Syrup  69.99 60.15 85.94 3.23 5.6 
A-massecuite 92.13 78.80 85.53 4.36 5.7 
B- massecuite 93.61 70.30 75.10 7.57 5.6 
C- massecuite 97.90 57.60 58.83 15.39 5.6 
Magma  92.37 78.00 84.45 5.04 5.6 
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4.3. Sugar content and purity of raw sugar: 
 Table (3) shows results of the common analysis for raw sugar 
namely A-raw sugar and B- raw sugar. The purity of A- raw sugar was 
higher than that of B-raw sugar. Brix and sugar content were similar 
in percentages. Similar findings were shown by Blackburin (1984), 
Anon (1990) and Golybin et al. (1995), they demonstrated that the 
sucrose of raw sugar was in the range of 95-99.8%.  
4.4. Sugar content and reducing sugars of referring house:  
 Table (4) shows a higher Brix, Pol and purity percentage for A-
Raw melt than that for other samples. It also shows a low ash, 
reducing sugars and colour of A-Raw melt and it increased till highest 
at filtered liquor, the increase of reducing sugars was due to inversion 
of sucrose.  
4.5. Sugar content and purity of skip:  
 Table (5) shows a higher Brix for D. skip than that for the other 
stages samples and this shows that D-skip are more concentrated than 
A, B and C skip. The lowest sucrose content of D-skip is due to the 
crystallization and separation of sugar from A, B and C-skip. It shows 
also a high purity (sweetness) of A-skip, and it decreased till be lowest 
at D-skip. The decrease of purity was due to crystallization of sucrose. 
The pH was the same in all skips.  
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Table (3): Sugar content and purity of raw sugar 
Sample Brix Pol Purity 
A- Raw sugar 99.57 99.29 99.73 
B- Raw sugar 99.50 98.85 99.34 
 
 
Table (4): Brix, Pol, purity, R.S., Ash, colour and pH of refinery 
house samples   
Sample Brix Pol Purity R.S. Ash  Col pH 
A- Raw melt 67.08 66.8 99.58 0.128 0.133 991 6.20
B- Raw melt 65.00 64.4 99.08 0.210 0.168 1220 6.20
Filtered 
liquor  
66.14 65.60 99.18 0.267 0.182 
1240 6.20
 
 
Table (5): Brix, Pol, purity and pH of skip.  
Sample Brix Pol Purity pH 
A- skip  88.80 88.20 99.32 5.8 
B- skip 89.60 88.00 98.21 5.6 
C- skip 90.90 87.76 97.00 5.7 
D - skip 91.40 87.46 96.00 5.6 
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4.6. Sugar content and purity of skip sugar: 
 Table (6) shows a higher Brix, Pol and purity percentage for A- 
sugar than that for other samples. The reducing sugars, colour and 
moisture of A-sugar were lowest and it increased till highest at D-
sugar. The increase of colour was a result of sucrose degradation by 
chemical reaction between amino acids and degraded invert sugars.    
4.7. Sugar content and purity of runoff: 
 Table (7) shows a higher T.S.S percentage for D-runoff than 
that for the other samples and this shows that the D-runoff are more 
concentrated than (A, B, C) runoff. It shows a high sucrose content 
and purity of A-Runoff and it decreased till lowest at D-Runoff. 
Decrease of sucrose percent and purity was due to crystallization of 
sucrose from A, B, C-runoff. 
4.8. Sugar content and purity of molasses:  
 Table (8) shows a higher Brix and reducing sugar for final 
molasses than that for A, B molasses. This shows that the final 
molasses are more concentrated than the other samples. The sucrose 
percent and consequently purity were lowest for final molasses. The 
decrease of sucrose percent and purity in final molasses was due to 
crystallization of sucrose from A and B molasses.   
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Table (6): Brix, Pol, purity, R.S., colour and moisture of skip sugar    
Sample Brix Pol Purity R.S. Colour Moisture  
A- sugar  99.98 99.90 99.92 0.046 140 0.022 
B- sugar 99.97 99.86 99.89 0.085 338 0.034 
C- sugar 99.96 99.80 99.80 0.154 453 0.035 
D - sugar 99.95 99.79 99.84 0.255 810 0.037 
 
Table (7): Brix, Pol, purity and pH of runoff samples  
Sample Brix Pol Purity pH 
A- Runoff 74.58 73.40 98.42 5.9 
B- Runoff 75.18 73.00 97.10 5.5 
C- Runoff 75.90 72.40 95.39 5.8 
D – Runoff 77.30 72.06 93.22 5.6 
 
Table (8): Brix, Pol, purity and reducing sugar of molasses  
Sample Brix Pol Purity R.S pH 
A- molasses  80.76 56.00 69.34 8.74 5.7 
B- molasses 83.88 52.50 62.59 11.73 5.6 
Final molasses 86.98 32.56 37.43 16.88 5.5 
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4.9. Sugar content, purity, colour and turbidity (T.By) of Talo 
plant: 
 Table (9) shows a higher Brix, sucrose percent and 
consequently purity for raw melt than that for other samples, while 
they were similar in clarified and filtered liquor. The reducing sugars 
of raw melt were lowest than that in the other samples. The colour, 
turbidity and ash were higher in the raw melt and decreased till lowest 
at filter liquor. The pH was almost similar in all samples. 
4.10. Sugar content and purity (Sweetness) of refined sugar: 
 Table (10) shows results of the common analysis for the refined 
sugar namely silver, green and normal sugar. The total soluble solids 
and sucrose percent and consequently purity (sweetness) were higher 
for silver sugar than for the other types. The reducing sugars were 
highest for normal sugar and lowest for silver sugar. 
4.11. Composition and physical properties of different grades of 
sugar samples:   
 Table (11) show the composition of different grades of sugar 
produced at Kenana factory. The results show that silver–sugar has a 
high sucrose content and purity, however low coloured units, moisture 
content, ash content, viscosity and turbidity. It showed small 
percentage of reducing sugars and nitrogen content. Whereas A–raw 
sugar and B–raw sugar were high in coloured units and viscosity, the 
high colour was due to the molasses coating of the sugar crystals, but 
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the sucrose content was lower than that of the silver sugar. Similar 
findings were shown by 
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Table (9): Brix, Pol, purity, colour, turbidity and ash of taloplant 
Sample Brix Pol Purity R.S. Colour T. By  Ash pH 
Raw melt 72.75 72.64 99.85 0.117 987 127 0.101 6.05 
Clarified 
liquor  
62.20 62.08 99.80 0.131 437 
74 0.089 6.16 
Filtered liquor  62.10 62.00 99.76 0.144 356 42 0.082 5.98 
 
 
 
Table (10): Brix, Sucrose, percent (pol), purity and reducing sugar 
(R.S) for refined sugar 
Sample Brix Pol Purity R.S. 
Silver – sugar    99.98 99.90 99.92 0.036 
Green – sugar   99.97 99.81 99.84 0.060 
Normal – sugar   99.95 99.76 99.81 0.189 
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Blackburn (1984), and Anon (1990) who demonstrated that in raw 
sugar, sucrose was in the range of 95 – 98%, and, reducing sugars 
ranged between 0.23 and 0.52%. Niel and Charles (1990) found 
related values for constituents in brown sugar where sucrose ranged 
between 85 – 96%, reducing sugar 1.5–5%, ash 0.3–1%, moisture 1–
3.5%. and colour 40–60 units. Comparable results for sucrose content 
and reducing sugars, moisture and ash content for white sugar were 
demonstrated by Folk (1989) who reported that sucrose percent (Pol) 
was 99.8%, reducing sugars 0.016%, moisture 0.036% and ash content 
0.022%. The results are consistent with findings of Ahmed (1999) 
who stated that the sucrose percent (Pol) of coloured sugar was in the 
range of 97.38–98.20%, Brix 98.96–99.77%, purity 98.47–99.32% 
and reducing sugars ranged between 0.180–0.190%. However, 
nitrogen content, protein, moisture and colour were in the range of 
0.14 – 0.18%, 0.88 – 1.16%, 0.18 – 0.21% and 235 – 287 units 
respectively.  
 The sugars were found to be very poor in nitrogen and 
consequently in protein content, this is due to the process and refining 
techniques employed for sugar extraction and crystallization (Barner, 
1974). 
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4.12. Chemical composition and physical properties of silver 
sugar:              
 Table 12 shows results of the common analysis for silver sugar 
stored for twelve months and the analysis were done every two 
months included the total soluble solids, sucrose percent and the 
purity (sweetness). No remarkable differences were found among the 
contents and characteristics of silver sugar during the storage period. 
Total soluble solids ranged between 99.95 – 99.98% sucrose 
percent(99.85–99.90%), purity (99.90–99.92%) reducing sugars 
(0.036–0.038%), the average of sulphated ash was 0.014%, 
carbonated ash 0.009% while ash conductivity averaged 0.023%, the 
moisture was about 0.025% colour 43 unit and viscosity averaged 
1.967 centistokes. The silver sugar was shown to be poor in nitrogen 
and consequently in protein content. The silver sugar was found to 
have high pH values and low turbidity. 
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4.13. Chemical composition and physical properties of final 
molasses 
 Table 13 shows results of the common analysis for final 
molasses stored for twelve months and the analysis were done every 
two months and include the TTS (Brix), sucrose percent, purity 
(sweetness), total sugar, protein, moisture and viscosity. Remarkable 
differences were found among the contents and characteristics of the 
final molasses during the storage period. The total soluble solids and 
sucrose percent and consequently purity (sweetness) were decreased 
during the storage period and showed the lowest values in the last 
month, while reducing sugars and total sugars were increased with 
highest values at the end of storage period. The increase of reducing 
sugars and total sugar could be due to hydrolysis and fermentation of 
sucrose. The storage period did not affect the nitrogen content which 
ranged between (0.43–0.46%), protein (2.69–2.88%) the moisture 
(21.30–22.42%), the average of carbonated ash was 10.41% while 
sulphated ash averaged 13.61%. The final molasses were found to 
have low pH values and high viscosity compared with the sugar 
solutions.  
 The results could be related to the values found by Dekker 
(1957) which showed that the main constituents were sucrose 
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(32.36%) glucose and fructose (20.30%), carbonated ash about 
(11.5%) and moisture content (20%). Similarly they were in 
agreement with the findings of Ahmed (1999) who reported that 
sucrose percent ranged 32.21 – 32.96% total soluble solids (89.08 – 
90.40%) sweetness (36.10 – 36.40%) reducing sugars (14.17 – 
14.60%) total sugar as invert ranged (46.48 – 47.13%), the average of 
carbonated ash was 11.03 while suphated ash 14.4%, moisture was 
about 20.4%. the nitrogen ranged between (0.35 – 0.37) while protein 
content (2.25 – 2.31%) the average of viscosity was 4.914 centistokes 
and pH 5.35%.  
4.15. Chemical composition and physical properties of treacle 
(black honey):  
 Table 14 shows results of the common analysis for treacle 
(black honey) stored for twelve months and the analysis were done 
every two months. 
 The total soluble solids and sucrose percent were decreased 
during storage till the lowest at the end of storage period, while the 
reducing sugars were increased during storage till the highest at the 
last month. The increase of reducing sugars could be due to hydrolysis 
and fermentation of sucrose. Black honey was not affected much by 
storage for moisture which ranged between 20.50–22.02%, the 
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nitrogen content 0.163–0.169%, protein 1.019–1.056%, the average of 
carbonate ash was 1.40%, while suphated ash average 2.29%. The 
viscosity ranged between (2.495–3.426%). No remarkable differences 
were found among the pH of treacle during the storage period. 
 Comparatively Person (1970) indicated that the composition of 
golden syrup was 83%, total solids, 79–83% total sugars, 31–33% 
sucrose, 47-50% reducing sugars as invert sugar, 1.7% sulphated ash, 
while the composition of treacle 83% total solids, 72-80% total sugars, 
25-33% sucrose, 37-50% reducing sugars and 4.0% sulphated ash. 
The results found by Amin, et al. (1999) showed that good quality of 
treacle must have: sucrose/reducing sugars ratio (1.5-2), total sugars 
%/total soluble solids% not less than 95, sucrose %/ total sugar% (60-
65), reducing sugars %/total sugars% (30-35) and reducing sugars/ash 
ratio 16.  
 It can be concluded from table 14 that the treacle quality was 
affected by the storage period.  
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4.16. Particle size of skip sugar crystals:  
 Table 15 shows the size of skip sugar crystals, which ranged 
between 0.5 – 0.6 mm for A-sugar, 0.6–0.85 mm for B-sugar, and 
from 0.3-0.6 mm for C and D-sugar. It shows the mean aperture of 
sugar crystals which found to be 0.69 mm for A-sugars, 0.65 mm for 
B-sugar, 0.55 mm for C-sugar and 0.58 mm for D-sugar. The 
coefficient of variation (CV) was 29 for A-sugar and C-sugar 31 for 
B-sugar and 34 for D-sugar. The dust was lowest for A-sugar and was 
highest for D-sugar. 
4.17. Particle size of refined sugar crystals:  
 Table 16 shows the size of refined sugar crystals namely silver 
sugar, Green sugar and normal–sugar, which ranged between 0.5–0.6 
mm for silver and normal sugar and 0.6–0.85 for Green–sugar, also 
the table 16 and Fig. 7 shows the mean aperture (MA) of sugars 
crystals which found to be 0.54 for silver–sugar. 0.63 for Green–sugar 
and 0.68 for normal–sugar, the coefficient of variation (CV) was about 
(28, 30, 33) for silver, Green and normal–sugar, respectively. The dust 
was highest for normal–sugar and was lowest for silver–sugar. 
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Table (15): Gram sugar for mean aperture (MA) and Coefficient of 
variation (CV) of skip sugar samples 
Sieve aperture  
Samples 
0.850 0.600 0.500 0.300 0.212 
Dust  Total  MA CV 
A– sugar  18.3 35.5 23.5 13.8 8.6 0.30 100 0.69 29 
B – sugar  17.8 47.4 12.7 16.6 3.7 1.80 100 0.65 31 
C – sugar  3.2 33.9 19.9 36.5 5.0 1.50 100 0.55 29 
D – sugar 8.20 33.6 18.2 31.5 6.4 2.10 100 0.58 34 
 
 
 
Table (16): Gram sugar for mean aperture (MA) and Coefficient of 
variation (CV) of silver, Green and Normal sugar samples 
Sieve aperture  
Samples 
0.850 0.600 0.500 0.300 0.212 
Dust  Total  MA CV 
Silver – sugar  4.5 46.3 23.2 19.6 5.6 0.80 100 0.54 28 
Green – sugar  20.1 40.3 18.2 15.0 4.5 1.90 100 0.63 30 
Normal – sugar  16.8 45.5 18.6 13.3 3.2 2.60 100 0.68 33 
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CHAPTER FIVE 
SUMMARY AND CONCLUSION 
 The work embodied in this thesis was carried out on treacle, 
molasses and three grades of refined sugar: silver – sugar, green – 
sugar and normal – sugar, in addition to samples of juice cane, boiling 
house and refining house samples. They were collected from Kenana 
sugar factory. 
? The analytical studies involved physio-chemical analysis, 
chromatographic and spectrophotometric techniques. These 
analysis were carried out for studying the effect of 
extraction and refining techniques on the quality of sugar, 
molasses and treacle (black honey). They involved 
determination of total soluble solids (TSS), reducing sugars, 
sucrose percent (Pol), purity sweetness, colour and turbidity, 
in addition to viscosity, pH value, ash, nitrogen and 
moisture content.  
? The analytical data obtained for juices revealed that the 
crushed (primary) juice contained the highest values in total 
soluble solids (TSS) and sucrose percent, while the final 
mill juice (residual) contained the lowest values. Similar 
values were found for the mixed and clean juice (clarified).  
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? The syrup had lowest values in total soluble solids and 
highest in sucrose percent while C–massecuite had highest 
values in total soluble solids and reducing sugars and lowest 
in sucrose percent. The boiling house samples revealed that 
the total soluble solids increased with evaporation. 
? The final molasses had highest value in total soluble solids 
and in reducing sugars and lowest values in sucrose percent 
while A–molasses and B–molasses had lowest values in 
total soluble solids and in reducing sugars and highest 
values in sucrose percent.  
? The silver–sugar had highest percentage of sucrose (pol) 
and lowest values in ash content, colour viscosity, moisture 
and turbidity. The green–sugar and normal–sugar had 
lowest values in sucrose, total soluble solids, reducing 
sugars and highest values in ash content, moisture, colour, 
viscosity and turbidity.  
? The sugar solution was neutral (pH = 6.5) while molasses 
and treacle were slightly acidic.  
? The comparison between the three grades of sugars revealed 
close correlation in sugar content measured for sweetness 
terms of purity where sucrose % in TSS ranged between 
99.8 – 99.9%.  
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? The silver–sugar showed great stability on storage than 
molasses and treacle.            
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Fig. 1. Sugar production MT/season at Kenana Sugar Factory  
Source: Central Statistics and Research Dept.  
 
Fig. 3. Production of raw sugar. 
Source: Antonio and Carlos, 2002. 
 
Fig. 4. The three massecuite system used in raw sugar production.    
Source: Antonio and Carlos, 2002. 
 
Fig.5. Massecuite flowchart for the production of refined white sugar  
Source: Antonio and Carlos, 2002. 
 
Fig.7. Aperture size of different grades of sugar samples  
A = Silver-sugar. 
B = Green-sugar. 
C= Normal-sugar 
 
Table A1. Brix factor talameter readings (Kenana Sugar Factory Lab).   
Table A2. Brix factor talameter readings (Kenana Sugar Factory Lab).   
Table A3. Brix factor talameter readings (Kenana Sugar Factory Lab).   
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Fig (6): Purity (Sweetness) of boiling house sample
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